Soybean Flour and Wheat Germ Proportions in Artificial Diet and Their Effect on the Growth Rates of the Tobacco Budworm, Heliothis virescens by Blanco, Carlos A. et al.
Soybean flour and wheat germ proportions in artificial diet and



















































































=B42C 0AC858280; 384CB 0A4 4BB4=C80; C>>;B 5>A 0AC7A>?>3 A4
B40A27 (74A4 0A4 0 F834 A0=64 >5 2><<4A280; 384CB 0B
F4;; 0B ?D1;8B743 5>A<D;0C8>=B (74B4 384CB 70E4 144= 34
E4;>?43 C> <0G8<8I4 8=B42C 6A>FC7 0=3 A4?A>3D2C8>= 1H
<44C8=6 >A BDA?0BB8=6 C748A <8=8<D< =DCA8C8>=0; A4@D8A4
<4=CB (74A45>A4 C74B4 384CB <0H <0B: ?>C4=C80; 34E4;
>?<4=C0; =460C8E4 45542CB F74= C74H 0A4 DB43 5>A A4?A>
3D2C8E4 BCD384B C70C F>D;3 14 0??0A4=C >=;H F74= C74 8=
B42CB 0A4 4G?>B43 C> BD1>?C8<0; 384CB >A 4G0<?;4 8=
B42CB A40A43 >= ?;0=C C8BBD4 <867C =>C 34E4;>? 0B F4;; 0B
F74= C74H 0A4 A40A43 >= 0AC858280; 384C 1420DB4 C74 ?;0=CBV
B42>=30AH 274<8BCAH 0=3 >A ;>F4A =DCA8C8>=0; E0;D4 <867C
0AA4BCC748A>?C8<0;34E4;>?<4=C;0=2>4C0;		
'>H140=5;>DAF740C64A< 384CB 0A4 2><<>=;H DB43 C>
A40A #>2CD8304 A4F4A 0=3 "0AC8= 
 A4F4A 0=3
(83F4;; 




(74 '70E4A 0=3 &0D;BC>= 

 5>A<D;0C8>= 0= 42>
=><820; <438D< C> ?A>3D24 ;0A64 @D0=C8C84B >5 !4?83>?
C4A0 70B 144= C74 10B8B 5>A A40A8=6 <D;C8?;4 =>2CD83 B?4
284B 8= C74 )' 6A82D;CDA0; &4B40A27 '4AE824 5028;8CH
8= 'C>=4E8;;4 "8BB8BB8??8 5>A >E4A 	 H40AB $E4A C8<4 8CB
>A868=0; 5>A<D;0 70B 144= <>385843 C> <44C 38554A4=C
=443B0=3C>>?C8<8I42>BCB
%A>C48= 8B 0= 4BB4=C80; 8=6A4384=C >5 C74 F740C 64A<10B43
384CB 0=3 0 2><?>=4=C C70C 20= 14 40B8;H <0=8?D;0C43
F8C7>DC 70E8=6 2>=B834A01;4 4GCA0 455>AC >A 4G?4=B4 14
20DB4 B>H140= 5;>DA 0=3 F740C 64A< 8=6A4384=CB 0<>D=C
C> >=;H Q
	 >5 C74 384CVB 2>BC '>H140= 5;>DA 0=3 F740C
64A< 0A4 2><<4A280;;H 0E08;01;4 8= ;0A64 @D0=C8C84B C70C
D=34A ?A>?4A BC>A064 20= ?A>3D24 2>=B8BC4=C 10C274B >5
384C C7A>D67 C8<4 (74 0??A>?A80C4 ?A>C48= 2>=C4=C 5>A
A40A8=6 C74 C>1022> 1D3F>A< 8B Q D4AA0 0=3
7D8H0 
 #DCA8'>HM 5;>DA 8B C74 <08= B>DA24 >5 ?A>
C48= 8= C78B 384CVB 5>A<D;0 0B 2><?0A43 C> F740C 64A< H
039DBC8=6 C74 ?A>?>AC8>= >5 #DCA8'>H 0=3 F740C 64A< C74
C>C0; ?A>C48= >5 C74 384C 20= 14 A43D243 0=3 C78B <0=8?D
;0C8>= <867C A4BD;C 8= B<0;; =460C8E4 34E4;>?<4=C0; 0=3
A4?A>3D2C8E4 45542CB >= Heliothis virescens 
!4?83>?C4A0#>2CD8304 = C78B F0H 0 BD1>?C8<0; 384C
2>D;3 14 34E4;>?43 C70C <867C BCA4BB C74 8=B42CVB 34E4;>?
<4=C 0B 2><?0A43 C> 0 384C 2><?>B43 4=C8A4;H >5 ?;0=C
C8BBD4 C70C 2>D;3 0;;>F C74 834=C85820C8>= >5 ?7HB8>;>6820;
0=3 A4?A>3D2C8E4 45542CB 20DB43 1H BD1>?C8<0; =DCA8C8>=
5>A42>;>6820;0=3A4?A>3D2C8E418>;>6HBCD384B
(78B BCD3H 703 C74 6>0; >5 ;>F4A8=6 C74 ?A>C48= 2>=C4=C
>5 C74 '70E4A 0=3 &0D;BC>= 

 5>A<D;0 C> 342A40B4
C74 A4?A>3D2C8E4 ?>C4=C80; >5 C74 C>1022> 1D3F>A< BD27
C70C 0AC858280; 384C <867C <>A4 022DA0C4;H A45;42C C78B 8=
B42CVB 34E4;>?<4=C >= 8CB ?;0=C 7>BCB $DA 7H?>C74B8B F0B
C70C A43D2C8>= >5 ?A>C48= 2>=C4=C F>D;3 A4BD;C 8= 0 34
2;8=4 8= 18>;>6820; 58C=4BB >5 C78B B?4284B C7DB D=<0B:8=6
C74 45542CB >5 S>E4A=DCA8C8>=T 0=3 0;;>F8=6 =>=
=DCA8C8>=0;;H10B4358C=4BB?A>1;4<BC>144G?A4BB43
Materials and Methods
(78B BCD3H F0B 2>=3D2C43 DB8=6 C74 H. virescens 2>;>=H >5
C74 )' 6A82D;CDA0; &4B40A27 '4AE824 >5 'C>=4E8;;4
"8BB8BB8??8 0 2>;>=H C70C F0B 8=8C80C43 8= 

 5A>< ;0A
E0; 2>;;42C8>= 5A>< F8;3 7>BC ?;0=CB #4>=0C4B 		 O 

7>;3 5A>< C74 B0<4 2>7>AC %	 64=4A0C8>= F4A4 ?;0243
8=38E83D0;;H 8= ?;0BC82 2D?B <; .(
 '>;>M ?;0BC82
B>D55;KB FFFB>;>2D?2></ 2>=C08=8=6 Q
 <; >5 >=4 >5
C74 384CB 34B2A8143 8= (01;4 
 (74B4 384CB A43D243 C74
?A>?>AC8>= >5 ?A>C48= 1H A43D28=6 C74 0<>D=C >5
#DCA8'>HM F7827 2>=C08=B 
	R
 ?A>C48= 0=3 8=2A40B
8=6 C74 0<>D=C >5 F740C 64A< F7827 2>=C08=B  ?A>
C48= D?B F4A4 2;>B43 F8C7 20A31>0A3 ;83B 0=3 :4?C 8=
0= 8=2D10C>A 0C  N 	
 L  N 




	 ! ?7>C>?4A8>3 !0AE0; 34E4;>?<4=C0; C8<4 8<
<0CDA4 <>AC0;8CH 466B ;0AE04 ?D?04 0=3 03D;C 42;>B8>=
0=3 B4G F4A4 A42>A343 5>A C74 ?0A4=C0; %	 
 0=3 
64=4A0C8>=B>=0308;H10B8B
 B0<?;4 >5 A424=C;H 4<4A643 O  7 
 0=3  <>C7B
F0B DB43 C> B4CD? 
 ?08AB A4?;820C4B 5A>< 4027 CA40C
<4=C 4G24?C CA40C<4=C  C70C 703 >=;H  <>C7B >= C74 %	
64=4A0C8>= =38E83D0; ?08AB F4A4 74;3 8= 		 <; 2>=C08=
4AB ">34; 
	!, >=B>;830C43M %;0BC82 >
FFF2>=B>;830C43?;0BC82B2>< F8C7 5A44 0224BB C> 
	
BD2A>B4 B>;DC8>= 20??43 F8C7 0C8BC 2;>C7 -F4860ACM
FFFIF4860AC2>< 0=3 <08=C08=43 8= 8=2D10C>AB 0B ?A4
E8>DB;H 34B2A8143 ;>C7B F8C7 466B F4A4 A4?;0243 308;H
5>A< 4027 ?08A C74 =D<14A >5 466B F0B 4BC8<0C43 E8BD
0;;H 0=3 ?;0243 8= B0=3F827 106B -8?;>2M 
		
FFF-8?;>22>< 8= 8=2D10C>AB B4C 0B ?A4E8>DB;H 34
B2A8143 5>A ;0AE0; 70C278=6 66 E8BD0; 4BC8<0C8>= F0B
?A4E8>DB;H 34C4A<8=43 10B43 >= C74 2><?0A8B>= >5 C74
5>;;>F8=6 C7A44 466B 2>D=CB 0 4G?4A84=243 ?4AB>==4;
<034 E8BD0; 4BC8<0C8>=B >5 466B >= 2;>C7 1 466B F4A4
2>D=C43 >= 	 >5 C74 0A40 >5 C74 B0<4 466 2;>C7
B0<?;4B D=34A <06=85820C8>= F8C7 0 <82A>B2>?4 0=3
2>D=CB F4A4 4GCA0?>;0C43 C> C>C0; 0A40 	 2< 0=3 2
466B >= 	 >5 C74 0A40 >5 C74 B0<4 466 2;>C7 B0<?;4B
F4A4 2>D=C43 DB8=6 C74 B>5CF0A4 <064 %A>%;DB 5>A +8=
3>FB 0=3 4GCA0?>;0C8=6 C> C>C0; 0A40 (74 C7A44 38554A4=C
4662>D=C8=6 <4C7>3B 383 =>C 38554A BC0C8BC820;;H F 
		 P  	
 35   
 )B8=6 C74 ?4AB>==4;VB E8BD0;
4BC8<0C8>= 34?0AC43 		
 N '" 

 5A>< C74 01B>
;DC42>D=C430A40<40=
 B4C >5 		 O 
7 >;3 =4>=0C4B >1C08=43 B8<D;C0=4>DB;H
5A>< C74 
 ?08AB 5A>< C74 %	 0=3 
 64=4A0C8>=B F0B
DB43 C> B4CD? C74 =4GC 64=4A0C8>= 5>A 4027 CA40C<4=C
">C7 ?08AB F4A4 <08=C08=43 8= C748A 2>=C08=4AB D=C8;
340C7 C> 0BB4BB ;>=64E8CH (74 ?>B8C8>= >5 C74 <>C7 2>=







=@6 Table 1. $8AB=58<6@4384<BA0<30;=C<BA=5B74;=385843*70D4@0<3)0C:AB=<NA384B
























































































Demographic Rates of Increase
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